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(54) ELECTROPHORETIC CHIP AND ITS MANUFACTURING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an 
eiectrophoretic chip with excellent analysts 
reproducibility, 

SOLUTION: Minute passage grooves 8 having width and 
depth of several hundred fi m or less are formed on one 
side of a glass substrate 1 and used as passages for a 
liquid specimen. Meanwhile, holes 3 are formed in a glass 
substrate 2 and used for introducing or discharging the 
specimen. Surfaces of the two substrates 1 and 2 to be 
joined together are oppositely fayed and joined with each 
other, thereby forming the passage grooves 8 in the 
interior for the specimen. Carbon coating is formed on 
the inner surface of the grooves 8 to inhibit electric 
permeative current. 
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* NOTICES * 



JPO and I MP IT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3,ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the glass electrophoresis chip in which a sample feed port for introducing a liquid sample, a 
channel of an introduced liquid sample, and a sample outlet that discharges a liquid sample were 
provided, 

An electrophoresis chip t wherein a channel inner surface is covered by a coat which uses carbon 
as the main ingredients. 
[Claim 2] 

The electrophoresis chip according to claim 1 whose coat which uses said carbon as the main 
ingredients is a carbon coat 
[Claim 3] 

The glass electrophoresis chips in which a sample feed port for introducing a liquid sample, a 
channel of an introduced liquid sample, and a sample outlet that discharges a liquid sample were 
provided are manufactured, 

A manufacturing method of an electrophoresis chip depositing a coat which contains carbon with 
a heat CVD method on a chip surface which makes said electrophoresis chip which heated gas 
containing carbon compounds contact and contains said channel inner surface. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the chip for electrophoresis used when detecting the ingredient in the 

liquid sample of ultralow volume. 

[0002] 

[Description of the Prior Art] 

As indicated to Science, VoL261, and P.895-897 (1993) in recent years. The channel for 
separating the channel and liquid sample for introducing a liquid sample on the electrophoresis 
member made from the glass (for example, Pyrex (registered trademark of Corning Glass Works 
(U.S.)) glass) board, The electrophoresis apparatus formed using the micro-machining art based 
on semiconductor manufacturing technology is developed. The electrophoresis member used 
with this electrophoresis apparatus is called an electrophoresis chip. As compared with the 
conventional capillary electrophoresis device, as for the electrophoresis apparatus using an 
electrophoresis chip, the sample with very few the possibility of high-speed analysis and solvent 
amounts of consumption to need has ultralow volume and which advantage that can miniaturize a 
device. 
[0003] 

In the field of analytical chemistry, realization these features by the conventional analysis 
apparatus as what enables difficult on-site (on site or bedside) analysis, to fields, such as DNA 
(deoxyribonucleic acid) analysis, promising ** is carried out as the thing in which the multi- 
sample processing by high-speed analysis is possible, and what is advantageous to high 
throughput screening, such as the innovative drug development field. 
[0004] 

Usually, the glass surface is charged in minus, an electric double layer is formed between a glass 
surface and a migration buffer (conductivity), and an electroendosmose style happens. When this 
electroendosmose style becomes an analytic obstacle, in order to control this, the channel 
surface is embellished chemically. 

After chemical modification silanizes the surface, for example, the method of performing 
acrylamide coating is taken. About three days including leaving times are required for this, 
[0005] 

In order to make this complicated operation unnecessary, the method of coating by pouring the 
reagent for adsorption prevention before analysis is also used (this gentleman method is called 
dynamic coating below). However, the endurance of the dynamic coating surface is low, and in 
order for analysis reproducibility to fall according to a use count, to carry out repeated use, it is 
necessary to repeat dynamic coating and to perform it 
[0006] 

[Problem(s) to be Solved by the Invention] 

Thus, in the process of producing the chip which coated the inner surface, if a long time is spent 
and dynamic coating is performed by a conversely easy method in order to perform durable high 
coating, there is a problem that endurance is low. An object of this invention is to provide the 



electrophoresis chip excellent in the analysis reproducibility which can solve such a technical 

problem, and a manufacturing method realizable at an easy process, 

[0007] 

[Means for Solving the Problem] 

This invention is the glass electrophoresis chip in which a sample feed port for introducing a 
liquid sample, a channel of an introduced liquid sample, and a sample outlet that discharges a 
liquid sample were provided, and a channel inner surface is covered by a coat which uses carbon 
as the main ingredients. 

An example with a preferred coat which uses the carbon as the main ingredients is a carbon 

coat. 

[0008] 

One desirable method of depositing a coat which uses carbon as the main ingredients in an inner 
surface of the glass electrophoresis chip, It is the method of depositing a coat by the heat CVD 
(chemical vapor deposition) method on a chip surface which makes an electrophoresis chip 
which heated gas containing carbon compounds contacting, and contains the channel inner 
surface. 
[0009] 

By placing a tip heated by 500-700 ** into organic compound gas, such as the material gas OH, 
for example, CHg, containing carbon compounds and CH^COCHg, A decomposition reaction of 

gas arises in a chip surface containing a channel inner surface, and a coat which uses carbon as 
the main ingredients, for example, an amorphous graphite film etc, is formed in a chip surface 
containing a channel inner surface, 
[0010] 

Also when electrification is suppressed and a migration buffer is contacted, an electric double 
layer is made hard to form and a coat which uses as the main ingredients carbon formed in a 
channel inner surface, for example, a carbon coat, controls an electroendosmose style. 
[0011] 

[Embodiment of the Invention] 

Drawing 1 is one example of the electrophoresis chip of this invention. As for a top view and (B), 
the sectional view in the A-A line position and (C) of (A) are the sectional views in the B~B line 
position. 

In this figure, 1 and 2 are glass substrates, for example, a synthetic quartz board. The minute 
passage groove 8 used as a channel for liquid samples with a width of several 100 micrometers 
or less and the depth is formed in one side of the glass substrate 1. On the other hand, the hole 
3 for sample introduction or discharge is formed in the glass substrate 2. Oppose the field which 
should join both the substrates 1 and 2, it is made to stick, and the passage groove 8 for liquid 
samples is formed in the inside by joining airtightly by the junction by the fluoric acid solution 
explained later, or other means. 
[0012] 

In order to hold down an electroendosmose style to the inner surface of the passage groove 8, 
the coat which uses carbon as the main ingredients, for example, a carbon coat, is formed. The 
carbon coat is formed also in the inner surface of the hole 3. 
[0013] 

In the electrophoresis chip of such composition, if a part of minute passage groove 8 for liquid 
samples is used as the test chamber 8a, the test chamber 8a of volume minute enough is 
realizable. The detection light 4 is irradiated by the portion of the test chamber 8a, and 
measurement is performed. 
[0014] 

Next, drawing 2 explains the process of producing the electrophoresis chip mentioned above 
(refer to Trans. IEE Japan, VoLHEHE, No. 10, Oct, and 1999 "development of the microchip made 
from silica glass for electrophoresis"). 
[0015] 

First, as shown in drawing 2 (a), after washing the glass substrate 1 made from synthetic quartz, 



the etching protective film 5 t for example, the silicon (Si) thin film of 3000 A of thickness, is 
formed with a system for thin film deposition (for example, sputtering film deposition system). 
Furthermore, the spin coat of the photoresist 6 for patterning the etching protective film 5 on it 
for example, AZ4620, (trademark: made by Clariant) is carried out on condition of for 3000 rpm 
and 40 seconds. Especially the construction material and thickness of the photoresist 6 to be 
used should just be the construction material and thickness which are not limited and bear the 
solution in a next etching process. What is necessary is just the construction material and 
thickness which in particular the material and thickness of the etching protective film 5 are not 
limited, either, and bear the solution in the etching process of the next glass substrate 1. 
[0016] 

subsequently, as shown in drawing 2 (b), using the photo mask 7, it exposes, and the photoresist 
6 is continuously developed by the ultraviolet radiation 9, and the photoresist 6 is patterned — it 
carries out. Here, exposure of the photoresist 6 can be performed using the aligner generally 
used for semiconductor manufacture. The developing solution which develops the photoresist 6 
after exposure will not be limited in particular, if rt is used in order to develop the photoresist to 
be used. 
[0017] 

Then, as shown in dr awin g 2 (c), the etching protective film 5 is patterned by using the pattern 
of the photoresist 6 as a mask by the dry etching using the high frequency plasma in the inside 
of SF 6 gas. Here, especially etching gas should just be gas by which it is not limited and silicon is 

etched satisfactorily. 
[0018] 

As shown in draw ing 2 (d), the quartz glass substrate 1 is etched for example, in 46% fluoric acid 
solution by using as a mask the etching protective film 5 and the photoresist 6 which were 
patterned, and the passage groove 8 for samples is formed. Here, especially the etching reagent 
of the quartz glass substrate 1 should just be a solution into which it is not limited and silica 
glass is etched satisfactorily. 
[0019] 

Then, as shown in dra wing 2 (e), after removing the photoresist 6 thoroughly, etching removal of 

the etching protective fifm 5 is carried out 

[0020] 

On the other hand, to the glass substrate 2 of another side, as shown in drawing 2 (f), the 
through hoie 3 for liquid sample introduction or discharge is formed by processing of sandblasting 
etc. 
[0021] 

Finally the glass substrate 1 which formed the passage groove 8 for samples by the process of 
(a) - (e), and the glass substrate 2 which formed the through hole 3 by the process (f) are piled 
up, For example, making 1% of fluoric acid solution placed between interfaces, and impressing the 
load of about 1 MPa if needed, by allowing to stand at a room temperature for 24 hours, as 
shown in drawing 2 (g), the glass substrates 1 and 2 are pasted up and an electrophoresis chip is 
completed. 
[0022] 

An OH radical exists in the channel inner surface surface of this state, and the potential 
difference and by extension, the electroendosmose style between channel inner wall-solutions 
usually arise with that quantity on it. Although an electroendosmose style may be used for 
analysis, when it is DNA analysis, for example, in order to improve separation performance, it is 
necessary to control an electroendosmose style. 
[0023] 

So, in this example, as shown in dr^winj^3, the carbon coat 10 is formed in the inner surface of 
the passage groove 8 of an electrophoresis chip as a coat which uses carbon as the main 
ingredients. The carbon coat 10 is formed not only in the inner surface of the passage groove 8 
but in the inner surface of the hole 3 of the glass substrate 2. 
[0024] 



Next, how to form the coat which uses carbon as the main ingredients is explained to the inner 
surface of the passage groove 8 of an electrophoresis chip with reference to drawing 4 . 
Drawin g 4 shows heat CVD system 12, and the furnace which equipped the circumference of the 
cylindrical quartz tube 14 of a horizontal type with the heater 16 is arranged. The material gas 
which contained carbon compounds from one end of the quartz tube 14 is supplied, and it is 
discharged from the other end. The temperature in the quartz tube 14 is detected by a 
temperature sensor (graphic display abbreviation), and energization of the heater 16 of a furnace 
is controlled so that the detection temperature turns into a predetermined temperature. 
[0025] 

The electrophoresis chip 20 produced at the process of drawi n g 2 is put in in heat CVD system 
12 shown in drawing 4 , and material gas is introduced, heating the electrophoresis chip 20 at 
600-700 +* with the heater 16. Material gas is CH 3 OH and the supply flow rate is a part for 

0.1 L/. In the electrophoresis chip 20, the decomposition reaction of gas arises in the chip 
surface containing a channel inner surface, and the carbon coat 10 is formed in the 
electrophoresis chip 20 surface containing a channel inner surface. 
[0026] 

An example of the optical measuring unit using this electrophoresis chip shown in drawing 1 as a 
detector cell is shown in drawing_5. An electrophoresis chip forms the radiation window for 
making detection light emit to the entrance window [ for entering detection light in the surface 
side of the test-chamber 8a portion of the passage groove 8 1 and rear-face side, and from 
other portions, in order to prevent invasion of disturbance light, except for the entrance window 
and the radiation window, the surface and rear face are covered with the light-shielding film. 
[0027] 

In drawing 5 , the ultraviolet visible fight source to which a deuterium lamp, a tungsten lamp, and a 
spectroscope are built and 21 sends out the light of predetermined wavelength, and 22 are 
photodetectors which have a photometry optical system which uses a photodiode array detector, 
and all are generally used to ultraviolet visible measurement. 23 is a stage and the crevice 24 
which can position the electrophoresis chip 20 as a detection meter cell is formed. And by 
inserting the electrophoresis chip 20 in this crevice 24, The inlet passage 25 and the sample feed 
port 26 of the electrophoresis chip 20 which were formed in the stage 23 can be stuck, and the 
outlet passage 27 and the sample outlet 28 of the electrophoresis chip 20 which were formed in 
the stage 23 can be stuck now. The light from the light source 21 can enter from the entrance 
window of the electrophoresis chip 20, and the light from a radiation window enters into the 
photodetector 22, and is received. Thereby, optical measurement will become possible if this 
electrophoresis chip 20 is set to the crevice 24 of the stage 23. 
[0028] 

Although the above-mentioned example described the carbon coat as a coat which uses carbon 
as the main ingredients, it is also possible to form the coat which uses other carbon as the main 
ingredients depending on selection of material gas. If the coat in this case is a film with the 
depressor effect of an electroendosmose style, it is [ anything ] good. 
[0029] 

[Effect of the Invention] 

The target electrophoresis chip [ this invention ] can realize the test chamber of volume minute 
[ the width and the depth which were formed with high precision in photofabrication technology 
are minute, and / since a passage sectional area can use a channel almost comparable as a 
separation capillary column as a test chamber ] to such an extent that separative power is not 
spoiled. 

And by having formed in the channel inner surface of the electrophoresis chip the coat which 
uses carbon as the main ingredients according to this invention, An electroendosmose style can 
be controlled, and the coat which moreover uses this carbon as the main ingredients has 
endurance higher than dynamic coating, and can be formed in a short time rather than coating by 
chemical modification. 

According to the manufacturing method of this invention, an electrophoresis chip with the 



electroendosmose styte control coat which is durable with an easy heat CVD method can be 
manufactured. 

[Brief Description of the Drawings] 

[Drawing 1]It is a lineblock diagram of the electrophoresis chip which is one example of this 
invention, and r as for a top view and (B), the sectional view in the A~A line position and (C) of 
(A) are the sectional views in the B-B line position. 

[Drawing 2]It is a process sectional view showing the manufacturing method of the 
electrophoresis chip of drawing 1 . 

[Draw ing 3]It is a partial expanded sectional view of the electrophoresis chip of the example. 
[Drawing 4] It is an outline sectional view showing the heat CVD system which forms in the 
channel inner surface of an electrophoresis chip the coat which uses carbon as the main 
ingredients. 

[Drawing 5]It is an outline sectional view of the optical apparatus which measures using the 
electrophoresis chip of the example as a detection meter cell. 
[Description of Notations] 
1, 2 Glass substrate 

3 The hole for sample introduction or discharge 

4 Detection light 

5 Etching protective film 

6 Photoresist 

7 Photo mask 

8 Passage groove 
8a Test chamber 

9 Ultraviolet radiation 

10 Carbon coat 

12 Heat CVD system 
20 Electrophoresis chip 
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